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QUESTION 1          (10 marks) 
Write Short notes on the following. Please use plain English and avoid mathematical 
expressions.          (1 mark each) 
Q1.1 Ground wires 
Q1.2 Lightning arresters 
Q1.3 Stranded conductors 
Q1.4 Bundle conductors 
Q1.5 Skin effect  
Q1.6 Ferranti effect 
Q1.7 Transposition of lines 
Q1.8 Surge impedance 
Q1.9 Surge impedance loading 
Q1.10 Under-frequency relays 
 
QUESTION 2          (5 marks) 
Amswer the following questions 
Q1.1 What is the difference between core type and shell type transformers? 
Q1.2 What is the difference between an over current relay and a distance relay?  
Can one be used instead of the other in any situation? Why or how? 
Q1.3 What is the different between power transformers and instrument transformers? 
Q1.4 What is the difference between transient stability and steady-state stability? 
Q1.5 What is the difference between a circuit breaker and an isolator? 
 
QUESTION 3          (10 marks) 
An industry consumes 10 MW power at 0.8 power factor lagging at a voltage of 11 kV. The 
management decides to improve the power factor. They are considering two options. 
Option 1: Install 2.5 MVAr of capacitors at the 11 kV substation. Calculate the 
improvement of power factor that will occur if this option is chosen. 
(5 marks) 
Option 2: The power factor will be improved to a minimum of 0.9 lagging. Given that 
11 kV capacitors come in units of 500 kVA only, determine the amount of 
capacitors needed to be purchased and the improvement in power factor if all the 
capacitors are installed. 
(5 marks) 
Go to next page for Question 4. 
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QUESTION 4          (25 marks) 
A single line diagram of a simple power system is shown in the following figure. The 
synchronous generator G serves the motor M through two transformers (T1 and T2) and a 
transmission line. The technical data of all the system components are provided in the diagram. 
Note that the neutrals of the generator and the two transforers are all solidly grounded. The 
motor neutral is however grounded through an inductive reactance, Xn.  
Based on 100 MVA and 13.8 kV at generator terminals,  
Q4.1 Draw the per unit positive sequence network and label it with approprate values of the 
reactances.             (3 marks) 
Q4.2 Do the same for the negative sequence network.     (2 marks) 
Q4.3 Do the same for the zero sequence network.     (5 marks) 
Q4.4 Reduce the above networks to their Thevenin equivalents as viewed from Bus 2. Prefault 
voltage is given as 1.05 per unit. Neglect prefault load current and star-delta transformer 
phase shift.          (5 marks) 
Q4.5 Calculate the subtransient fault current in per unit and in amperes when a solid line-to-
ground fault occurs in phase a at Bus 2.     (5 marks) 
Q4.6 Calculate the line-to-ground voltages on the unfaulted phases on Bus 2 both in per unit 
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FORMULAS 
(Symbols have their usual meanings in the context of the particular formula) 
Three phase circuits  LL IVS 3 ; cos S P  ;  sin S Q   
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 Short Line Medium length line Long Line Long Line  








A 1 1+YZ/2 1+YZ/2 cosh(  ) 1+YZ/2 
B Z Z Z(1+YZ/4) Z0 sinh(  ) Z(1+YZ/6) 
C 0 Y(1+YZ/4) Y (1/Z0) sinh(  ) Y(1+YZ/6) 
D 1 1+YZ/2 1+YZ/2 cosh(  ) 1+YZ/2 
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BABABA sincoscossin)sin(   BABABA sinsincoscos)cos(   
sinh( l) = sinh(l + jl) = sinh(l) cos(l) + j cosh(l) sin(l) 
cosh( l) = cosh(l + jl) = cosh(l) cos(l) + j sinh(l) sin(l)  
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